###### Strengths and limitations of this study

-   This is a comprehensive systematic review and meta-analysis evaluating the effects of computerised cognitive training in older adults with mild cognitive impairment (MCI) on cognitive outcomes.

-   We excluded studies that did not use strict clinical diagnostic criteria for MCI to reduce the heterogeneity often found between participants in MCI studies.

-   Data for four main cognitive domains most significantly affected by MCI and targeted by cognitive interventions were extracted from individual studies (global cognitive function, episodic memory, working memory and executive function) and where appropriate composite measures were calculated for meta-analyses.

-   The studies included in the systematic review are generally of moderate quality, however, several methodological issues may limit the interpretation of results.

-   A lack of follow-up data makes it impossible to draw conclusions regarding long-term effects or impact on the prevalence of dementia.

Introduction {#s1}
============

There are currently estimated to be over 46 million people worldwide living with dementia. This number is expected to grow to approximately 131.5 million by 2050.[@R1] There is, therefore, an urgent need to develop therapeutic treatments that may delay or prevent dementia in population groups considered 'at risk'.[@R2] Interventions that delay the onset of Alzheimer's disease (AD) by an average of 2 years would decrease the worldwide prevalence rate by 22.8 million cases,[@R3] which in turn, would ease the huge burden placed on individuals, families and society. For these reasons, evidence-based interventions that reduce the risk of dementia are urgently required.

Mild cognitive impairment (MCI) refers to an intermediate stage between normal age-related cognitive decline and dementia.[@R4] Although many older adults experience a degree of deterioration in cognitive performance, MCI is described as a greater than the expected cognitive decline for an individual's age and education, but without notable interference in everyday functioning.[@R5] Within the older adult population, the estimated prevalence rate of MCI ranges from 15% to 20%.[@R6] Although MCI can present with a variety of symptoms, when memory loss is the predominant symptom, it is termed 'amnestic MCI' and is frequently seen as a prodromal stage of AD.[@R6] When individuals have impairments in domains other than memory, it is classified as non-amnestic single-domain or multiple-domain MCI and these individuals are believed to be more likely to convert to other types of dementia.[@R6]

The lack of therapeutic benefit or delay in progression from MCI to AD with pharmacological interventions has meant that the focus has shifted towards non-pharmacological interventions.[@R7] Cognitive remediation is the term used for interventions designed to mediate cognitive decline and can be typically identified as involving one of three different approaches: cognitive stimulation (CS), cognitive rehabilitation (CR) and cognitive training (CT). Interventions based on CS and CR are more focused on individuals with established dementia, often with the aim of overcoming specific difficulties with daily living and improving general quality of life. In comparison, CT can be used for subjects without significant cognitive or functional difficulties, and is therefore well suited for individuals with MCI.

CT refers to interventions that aim to improve cognitive domains through repeated practice on theoretically driven skills and strategies.[@R8] Each CT exercise aims to target one or two specific domains in an adaptive manner with a possibility of transfer effects whereby performance in other untrained cognitive domains is also improved.[@R9]

Computerised CT (CCT) uses computers for the delivery of the intervention and differs from traditional CT, which usually incorporates face-to-face contact with a professional and paper-and-pencil paradigms.[@R8] CCT has several advantages including cost-effectiveness, increased accessibility and ability to customise the content and difficulty of the training.[@R10] Research involving older adults has found that CCT programmes are associated with high satisfaction levels, and that they are also a feasible option for individuals with MCI, with equal or better adherence rates when compared with traditional CT.[@R10] In addition, evidence suggests that studies using CCT show a pattern of stronger effect sizes and enhanced generalisation of benefits compared with traditional strategy training in MCI.[@R14] A previous meta-analysis found that CT is not effective in people with established dementia.[@R15] However, there is growing interest as to whether CCT has the potential to prevent or slow the progression from MCI to dementia particularly given the association between higher participation in mental activity and reduced dementia risk.[@R16]

Studies investigating the effectiveness of CT in improving cognitive performance in people with MCI have demonstrated small to moderate improvement but existing research suffers from methodological concerns and limitations.[@R14] CT research in individuals with MCI has been criticised for the failure to include an appropriate control group,[@R20] use of subsets of participants from previous studies[@R23] and pooling of MCI data with that from non-impaired adults[@R24] as well as those with probable AD.[@R25] Another issue raised in treatment studies has been the use of ecologically valid outcome measures. For example, the inclusion of functional outcome measures is important to monitor progression from MCI to dementia but given that individuals with MCI are, by definition, not significantly impaired in functioning, it is a challenge to measure the functional effects of the intervention.[@R17]

CCT is far from a single construct and factors such as the content, platform, context and dose of training may differ.[@R28] Unfortunately, despite increasing scientific scrutiny, there is a limited understanding as to which, if any, dimensions are associated with cognitive benefit. Ideally, critical analysis of research using CCT for MCI would reveal insight into which specific components of CCT are necessary for it to be effective, however, it is important to establish the overall effect of CCT on individuals with MCI.

Systematic reviews and meta-analyses of cognitive interventions in MCI have reported mixed results,[@R19] and when exploring the effect of cognitive training in MCI have largely not distinguished between studies evaluating computerised and non-computerised training. This makes it difficult to draw conclusions, specifically on the efficacy of CCT in MCI. For example, a systematic review by Ge *et al* summarised the findings of CCT studies among people with MCI, however, no meta-analyses were performed and the review included non-randomised controlled studies, studies that combined CCT with other interventions and studies not using Petersen's core MCI diagnosis criteria, making it challenging to draw rigorous conclusions.[@R35] A previous meta-analysis by Hill *et al* specially explored the effectiveness of CCT in MCI on cognition and behavioural outcomes,[@R32] however, the field is progressing rapidly, as highlighted by Ge *et al*'s observation that 42% of the studies in their review were published between 2016 and 2017,[@R35] and further relevant studies have been published subsequently.[@R32] Another more recently published meta-analysis by Gates *et al* only included studies where the intervention period lasted for more than 12 weeks and excluded a significant number of studies with shorter training duration.[@R39] Thus, it is necessary to conduct an updated meta-analysis to include more recent articles and all intervention durations.

This paper investigates the effect of CCT on improving cognitive outcomes in individuals diagnosed with MCI using random-effects meta-analyses. To address some of the problems identified in the literature, only peer-reviewed randomised controlled trials (RCTs) were selected and cognitive outcome measures were extracted for analysis. Variables that may moderate the effect of CCT, such as the type of programme or dose of the intervention, were reviewed. The purpose of the current review was to: (1) evaluate the effect of CCT in older adults with MCI on cognitive outcomes; (2) evaluate the content and methodological quality of the intervention studies and (3) suggest future directions in CCT research in this group based on findings.

Materials and methods {#s2}
=====================

Search strategy and selection criteria {#s2a}
--------------------------------------

A literature search was completed during January 2018 of four online literature databases and trial registers: PubMed, Embase, Web of Science and Cochrane Library. The search terms are shown in online [supplementary table 1](#SP1){ref-type="supplementary-material"}. Previous meta-analyses and systematic reviews of cognitive interventions in MCI were also searched. Furthermore, reference lists of included studies were manually scanned for additional relevant papers.
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Inclusion and exclusion criteria {#s2b}
--------------------------------

**Types of studies:** Published, peer-reviewed studies with an RCT design investigating the use of CCT interventions in older people with MCI were considered for inclusion. Studies were included if sufficient data were available for calculation of effect sizes in each treatment arm (unavailable information was requested from authors and included if obtained). The date of publication was not limited, but only studies published in English were included.

**Participants:** Inclusion criteria were a mean age of participants greater than 55 years, a diagnosis of MCI using core criteria according to Petersen[@R4] and no other psychiatric diagnosis or neurological disorder. The number of participants in each arm needed to be at least five. Studies with non-impaired older people or those with probable AD were excluded unless separate data for participants with MCI were provided.

**Types of interventions:** Studies were included if they compared any CCT intervention, administered on a personal computer (PC) or gaming console, to an active or non-active control. Computerised training had to represent the primary intervention, not simply one of multiple broader non-computerised cognitive interventions, in order to be included. Active controls were classified as interventions that controlled for non-specific therapeutic effects, whereas non-active control groups included waiting list conditions, treatment as usual or a non-matched minimal intervention. Each study was independently screened, selected for inclusion and its data extracted by independent researchers. Any disagreements were resolved through discussion with another author.

**Types of outcome measures:** We focused on cognitive domains that are reported to be most significantly affected by MCI and targeted by cognitive interventions, namely episodic memory, executive function, working memory/attention and global cognitive function.[@R40] Available data from all relevant cognitive outcomes were extracted. Cognitive outcomes used in the included studies and their classification into the main cognitive domains are shown in online [supplementary table 2](#SP1){ref-type="supplementary-material"}.

Risk of bias assessment {#s2c}
-----------------------

The Cochrane Collaboration Risk of Bias tool was used to assess study methodological quality.[@R41] Risk of bias was assessed in multiple domains: sequence generation, allocation concealment, blinding of participants and investigators, incomplete outcome data and selective reporting of outcomes. In each of these categories, the methodological quality of each assessed domain was rated as 'low risk', 'unclear' or 'high risk'. Studies were excluded if unsure or high risk in all assessed domains.

Statistical analysis {#s2d}
--------------------

Intervention and control groups' postintervention outcome scores were compared using Review Manager software V.5.3. The program uses Hedges' adjusted g[@R42] to calculate a standardised mean difference which is adjusted for small sample bias. Pooling of standardised mean Hedges' g estimates of \<0.30, ≥0.30 and \<0.60 and ≥0.60 were considered small, moderate and large, respectively. Meta-analyses were performed where three or more studies investigated a comparable intervention and outcome using a random-effects model. Heterogeneity was quantified using the I^2^ statistic, considered as low, moderate or large when at 25%, 50% or 75%, respectively.[@R43] Where a study reported multiple outcome measures for one cognitive domain (eg, within memory function), a composite measure was calculated to provide a single quantitative measure for meta-analysis.[@R44] Publication bias was examined using funnel plots. We also performed subgroup analysis and meta-regression using the 'metafor' program in R (<https://www.R-project.org/>), for example, we compared the effectiveness of single and multidomain training. Furthermore, we subgrouped studies with a training dose of less than 10 hours and more than 30 hours to see if there is a dose--response correlation. We also compared studies with active versus non-active control conditions, following a reviewer's suggestion. Sensitivity analyses were performed to identify potential sources of heterogeneity. Further details of statistical methods are found in the online supplementary material (see online [supplementary appendix 1](#SP1){ref-type="supplementary-material"}).

Patient and public involvement {#s2e}
------------------------------

There was no direct patient or public involvement in this review.

Results {#s3}
=======

Description of studies {#s3a}
----------------------

The Preferred Reporting Items for Systematic Reviews and Meta-analyses checklist was used to guide reporting of results.[@R45]

Following the initial literature review, a total of 8893 studies were found. Of these, 8875 were excluded and 18 studies met inclusion criteria. [Figure 1](#F1){ref-type="fig"} presents a flow chart of study selection. The total number of participants included was 690 and the brief summary characteristics of each study are presented in [table 1](#T1){ref-type="table"} and detailed in online [supplementary table 3](#SP1){ref-type="supplementary-material"}. Sample sizes ranged from 12 to 106, and drop-out rates ranged from 0% to 32%. One study was excluded from the meta-analysis because of suspected inclusion of participants with probable AD based on the reported average Mini-Mental State Examination (MMSE) score.[@R46] Another two studies were excluded from the meta-analysis as postintervention cognitive data could not be obtained.[@R47]

![Flow chart of the study selection process. AD, Alzheimer's disease; RCT, randomised controlled trial.](bmjopen-2018-027062f01){#F1}

###### 

Characteristics of studies using computerised cognitive training in persons with MCI

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author and year                       CCT group N, age, education                                 Control group N, age, education                             CCT type              Total hours
  ------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- --------------------- -------------
  Barban *et al*, 2016[@R67]            n=46, age=74.4 (5.7), edu=9 (4.3)                           n=60, age=72.9 (6.0), edu=11 (4.7)                          Multidomain           24

  Ciarmiello *et al*, 2015[@R52]        n=15, age=71.2 (7.7), edu=9.3 (3.0)                         n=15, age=72.0 (7.1), edu=7.8 (2.6)                         Multidomain           24

  Djabelkhjr *et al*, 2017[@R36]        n=10, age=75.2 (6.4), edu=60.0% of college level            n=10, age=78.2 (7.0), edu=44.4% of college level            Multidomain           18

  Fiatarone, *et al* 2014[@R50]         n=24, age≥55, edu=n/s                                       n=27, age ≥55, edu=n/s                                      Multidomain           80

  Finn and McDonald 2011[@R68]          n=8, age=69.0 (7.7), edu=13.3 (2.2)                         n=8, age=76.4 (6.5), edu=12.0 (2.8)                         Multidomain           25

  Finn and McDonald, 2015[@R69]         n=12, age=72.8 (5.7), edu=13.8 (3.0)                        n=12, age=75.1 (7.5), edu=13.7 (2.8)                        Memory                n/s

  Gagnon and Belleville, 2012[@R51]     n=12, age=67.0 (7.8), edu=15.0 (4.6)                        n=12, age=68.4 (6.0), edu=13.1 (5.7)                        Attentional control   6

  Gooding *et al*, 2016 study 1[@R70]   n=31, age=75.6 (8.8), edu=15.1 (2.6)                        n=10, age=75.6 (8.8), edu=15.1 (2.6)                        Multidomain           30

  Gooding *et al*, 2016 study 2[@R70]   n=23, age=75.6 (8.8), edu=15.1 (2.6)                        n=10, age=75.6 (8.8), edu=15.1 (2.6)                        Multidomain           30

  Hagovska and Olekszyova, 2016[@R71]   n=40, age=68.0 (4.4), edu=75% of secondary education        n=40, age=65.9 (6.2), edu=70% of secondary education        Multidomain           10

  Han *et al*, 2017[@R37]               n=23, age=73.7 (4.8), edu=13.5 (3.2)                        n=20, age=74.5 (6.4), edu=12.7 (3.7)                        Memory                4

  Herrera, *et al* 2012[@R63]           n=11, age=75.1 (2.0), edu=46% of secondary school or more   n=11, age=78.2 (1.4), edu=63% of secondary school or more   Multidomain           24

  Hughes *et al*, 2014[@R13]            n=10, age=78.5 (7.1), edu=13.8 (2.4)                        n=10, age=76.2 (4.3), edu=13.1 (1.9)                        Multidomain           36

  Hyer, *et al* 2016[@R53]              n=34, age=75.1 (7.4), edu=70% secondary                     n=34, age=75.2 (7.8), edu=66% secondary                     Working memory        16.7

  Lin *et al*, 2016[@R54]               n=10, age=72.9 (8.2), edu=90.0% of college level            n=11, age=73.1 (9.6), edu=54.5% of college level            Processing speed      24

  Rosen *et al*, 2011[@R23]             n=6, age=70.7 (10.6), edu=16.7 (0.8)                        n=6, age=78.0 (7.9), edu=18.3 (1.5)                         Processing speed      36

  Rozzini *et al*, 2007[@R72]           n=15, age=63--78, edu=n/s                                   n=22, age=63--78, edu=n/s                                   Multidomain           60

  Savulich *et al*, 2 017[@R38]         n=21, age=75.2 (7.4), edu=15.9 (1.3)\                       n=21, age=76.9 (8.3)\                                       Memory                8
                                        (age left school)                                           edu=16.0 (2.1) (age left school)                                                  
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CCT, computerised cognitive training; MCI, mild cognitive impairment; n/s, not stated.

A total of 13 studies reported outcomes assessing memory, 5 studies reported outcomes assessing working memory, 11 studies reported outcomes assessing executive function and 11 studies reported global cognitive functioning outcomes (see [table 2](#T2){ref-type="table"}).

###### 

Results of meta-analysis of computerised cognitive training (CCT) on cognitive domains

  ----------------------------------------------------------------------------------------------------------------------------------------
  Analysis of CCT      No of studies   N\             Pooled effect size g (95% CI)   Overall effect:\   Heterogeneity: I^2^ % (p value)
                                       Tx\*/control                                   Z (p value)        
  -------------------- --------------- -------------- ------------------------------- ------------------ ---------------------------------
  Global cognition     11              258/245        0.23 (0.03 to 0.44)             z=2.22, p=0.03     6% p=0.39

  Memory               13              245/232        0.30 (0.11 to 0.50)             z=3.03, p=0.002    46% p=0.04

  Working memory       5               82/83          0.39 (0.12 to 0.66)             z=2.85, p=0.004    0% p=0.81

  Executive function   11              171/182        0.20 (−0.03 to 0.43)            z=1.74, p=0.08     51% p=0.03
  ----------------------------------------------------------------------------------------------------------------------------------------

\*Tx=training group.

Quality of studies {#s3b}
------------------

The quality of each study was evaluated in regard to certain methodological aspects and summarised in online [supplementary figure 1](#SP2){ref-type="supplementary-material"}. Eleven of the 18 studies did not report blinding of participants.
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Participant characteristics {#s3c}
---------------------------

The total number of participants from all studies included was 690 (CCT: n=351, mean group size: n=20, control: n=339, mean group size: n=19). The average age of participants in both conditions was 73.4 years. 52.5% of all participants were male. The disparity and lack of reporting of the ratio of participants' years of education precluded mean calculations, although the available data suggest most participants had at least secondary school education. The pooled average baseline score for the MMSE was 26.9 in both groups, although the range of scores indicated heterogeneity within participants.

Cognitive training interventions {#s3d}
--------------------------------

Interventions were mostly delivered on a PC, using commercially available or purpose built CT packages, with two studies using a video game on a games console.[@R13] All interventions were specifically designed to improve various aspects of cognition. The most common type of intervention used was multidomain (11/18 studies), where the programme targeted two or more cognitive domains. In the seven single domain intervention studies, three evaluated memory training and executive function training while one used working memory training. The dose and duration of the CT intervention was variable, with the total length of training ranging from 4[@R49] to 80 hours[@R50] and the duration of training from 2 [@R51] to 26 weeks.[@R50]

Outcome measures {#s3e}
----------------

Online [supplementary table 2](#SP1){ref-type="supplementary-material"} summarises the 60 different cognitive outcome measures used by studies included in the meta-analyses. A considerable variability in measures reported was also noted; only three outcome measures were reported three or more times; seven studies used the MMSE as a measure of global cognition, three studies used paired-associates learning to measure memory and in four studies used the trail making test as a measure of executive function.

Meta-analysis of specific outcomes {#s3f}
----------------------------------

Separate meta-analyses were conducted on four different cognitive domains. The most commonly tested domains were memory, with 13 studies exploring this domain. The results of the meta-analyses are presented in [table 2](#T2){ref-type="table"}.

Global cognition function {#s3g}
-------------------------

Overall, there was a significant benefit of CCT on global cognition compared with the control group. The meta-analysis revealed a small but statistically significant pooled effect size of 0.23 (95% CI 0.03 to 0.44, z=2.22, p=0.03) with low heterogeneity between studies (I^2^=6%) (see [figure 2](#F2){ref-type="fig"}). The funnel plot did not reveal significant asymmetry (see online [supplementary figure 2](#SP2){ref-type="supplementary-material"}). The effect size across active-controlled trials (n=7, g=0.23, 95% CI −0.05 to 0.51, I^2^=27%) was smaller than that of trials with non-active control groups (n=4, g=0.31, 95% CI −0.06 to 0.68, I^2^=0%) (see online [supplementary figures 3 and 4](#SP2){ref-type="supplementary-material"}), but was not statistically significantly different (z=−0.11, p=0.91).

![Forest plot demonstrating the efficacy of CCT on global cognition function. CCT, computerised cognitive training; IV, interval variable.](bmjopen-2018-027062f02){#F2}

Memory {#s3h}
------

The pooled effect size of CCT on memory outcomes, when compared with control conditions, was moderate and statistically significant (g=0.30, 95% CI 0.11 to 0.50, z=3.03, p=0.002), with moderate heterogeneity between studies (I^2^=46%) (see [figure 3](#F3){ref-type="fig"}). The funnel plot did not reveal significant asymmetry (see online [supplementary figure 5](#SP2){ref-type="supplementary-material"}). The effect size across active-controlled trials (n=8, g=0.36, 95% CI 0.11 to 0.61, I^2^=52%) was larger than that of trials with passive control groups (n=5, g=0.20, 95% CI −0.14 to 0.54, I^2^=43%) (see online [supplementary figures 6 and 7](#SP2){ref-type="supplementary-material"}), but was not statistically significantly different (z=−0.32, p=0.75). However, there was moderate heterogeneity across studies in both analyses.

![Forest plot demonstrating the efficacy of CCT on memory, working memory and executive function. CCT, computerised cognitive training; IV, interval variable.](bmjopen-2018-027062f03){#F3}

Due to the moderate heterogeneity between studies, a sensitivity analysis was also conducted, in which one study at a time was removed and the others analysed to estimate whether the results could have been markedly affected by a single study. The combined Hedges' g was consistent and without apparent fluctuation, with a range from 0.23 (0.07, 0.39) to 0.35 (0.15, 0.55).

### Working memory {#s3h1}

The meta-analysis revealed a statistically significant moderate effect size of 0.39 in favour of CCT compared with controls (95% CI 0.12 to 0.66, z=2.85, p=0.004) with low heterogeneity between studies (I^2^=0%) (see [figure 3](#F3){ref-type="fig"}). The funnel plot did not reveal significant asymmetry (see online [supplementary figure 5](#SP2){ref-type="supplementary-material"}). Due to there being fewer than three non-active, we did not compare the effect size between active-controlled trials and non-active trials.

### Executive function {#s3h2}

The overall effect of CCT on executive function compared with control conditions was small and non-significant. The meta-analysis revealed a pooled effect size of 0.20 (95% CI −0.03 to 0.43, z=1.74, p=0.08) with high heterogeneity between studies (I^2^=51%) (see [figure 3](#F3){ref-type="fig"}). The funnel plot did not reveal significant asymmetry (see online [supplementary figure 5](#SP2){ref-type="supplementary-material"}). The effect size across active-controlled trials (n=7, g=0.13, 95% CI −0.08 to 0.35, I^2^=20%) was smaller than for the non-active control groups (n=4, g=0.32, 95% CI −0.23 to 0.87, I^2^=74%) (see online [supplementary figures 8 and 9](#SP2){ref-type="supplementary-material"}), but was not statistically significantly different (z=0.95, p=0.35).

Considering the large heterogeneity between studies (I^2^=51%), a sensitivity analysis was also conducted as described above. The combined Hedges' g was consistent and without apparent fluctuation, with a range from 0.12 (−0.05, 0.28) to 0.35 (0.03, 0.48).

### A priori subgroup analysis {#s3h3}

A priori, we stipulated that meta-analysis would only be performed if three studies report outcomes in the same cognitive domain and so subgroup analysis could only compare single and multidomain memory training. Similarly, only global cognition could be used for subgroup analysis to compare the training interventions less than 10 hours and more than 30 hours. Our subgroup analyses and meta-regression suggested that there is no difference between multidomain CCT and single-domain CCT (z=0.09, p=0.93), although the former had a significant effect (g=0.30, 95% CI 0.08 to 0.53) while the latter was non-significant (g=0.31, 95% CI −0.19 to 0.81) (see online [supplementary figures 10 and 11](#SP2){ref-type="supplementary-material"}). There is also no clear evidence for a dose--response relationship. Our subgroup analysis found that studies that provided more than 30 hours of CCT had a smaller overall effect on global cognitive function (g=0.20, 95% CI −0.31 to 0.71) compared with studies providing less than 10 hours of CCT (g=0.30, 95% CI −0.01 to 0.61) (see online [supplementary figures 12 and 13](#SP2){ref-type="supplementary-material"}). We did not perform a meta-regression for training dose because fewer than 10 studies were included. The subgroup analyses need to be interpreted with caution due to the small number of studies and heterogeneity, however, they illustrate the lack of clear factors that are associated with efficacy.

Discussion {#s4}
==========

Main findings {#s4a}
-------------

Based on results from 18 RCTs, it is likely that CCT is a viable intervention for improving cognition in older people with MCI. There were small to moderate positive effect sizes found in all domains, with statistical significance reached for global cognitive function (g=0.23, 95% CI 0.03 to 0.44), memory (g=0.30, 95% CI 0.11 to 0.50) and working memory (g=0.39, 95% CI 0.12 to 0.66), but not executive function (g=0.20, 95% CI −0.03 to 0.43). The largest effect sizes were found for working memory and memory (although statistically significant heterogeneity was found for the latter domain). This is unsurprising given its central focus in most interventions and promising given this is the primary complaint in most cases of MCI.

The present meta-analyses updated the literature search and added eight new studies[@R23] compared with the previous study conducted by Hill *et al*.[@R32] The present findings are largely in keeping with the results of Hill *et al*[@R32] that demonstrated positive effect sizes for global cognition (g=0.38, 95% CI 0.14 to 0.62), memory (g=0.42, 95% CI 0.21 to 0.63), working memory (g=0.74, 95% CI 0.32 to 1.15) and executive function (g=0.20, 95% CI −0.05 to 0.44). However, our results are in contrast with the results reported by Gates *et al*, which found that there were no clear effects of CCT on cognition for people with MCI.[@R39] Methodological reasons for this inconsistency may be that Gates *et al* only included studies with a minimum intervention period of 12 weeks and included a broader range of participants at risk of cognitive decline. As a result, fewer studies (eight) met their eligibility criteria, of which two studies did not require a strict MCI diagnosis[@R46] and one used self or informant-reported cognitive complaints.[@R55]

The current meta-analysis employed strict eligibility criteria to overcome the methodological issues reported in the literature[@R56] such as inappropriate control groups and CCT being combined with other interventions. The combination of an overall large sample size (n=690) and stringent eligibility criteria make this meta-analysis a useful contribution to the growing evidence for the efficacy of CCT in MCI. Nevertheless, various methodological issues were identified that limit the ability to make recommendations for the optimal format, frequency or intensity of CCT. Further, the lack of longitudinal studies makes it unclear whether observed postintervention benefits contribute in any way to the goal of delaying or preventing the progression from MCI to dementia.

Validity of observations and limitations {#s4b}
----------------------------------------

### Sources of bias {#s4b1}

Several methodological issues were identified. Studies were rarely double blinded, and while it may be considered impractical to blind therapists and participants given the nature of the intervention, this nevertheless introduces the risk of expectation bias and exaggerated results. In addition, data concerning drop-outs were rarely included in the analyses and intention-to-treat (ITT) analysis was only used in two studies.[@R49] While most of the remaining studies reported no significant differences at baseline for those who dropped out, these differences may have only become apparent postintervention, and baseline differences may have been more obvious with the large number of participants in the meta-analysis. Thus, the absence of ITT may have introduced an attrition bias.

Further bias may have arisen due to the decision in this study not to differentiate between amnestic and non-amnestic forms of MCI. This classification is an example of the heterogeneity of MCI symptoms. This heterogeneity is supported in descriptions by Petersen[@R59] and in the results of a study revealing MCI as a highly nuanced and complex clinical entity.[@R60] This may lead to considerably different intervention effects between participants and render it difficult to evaluate the efficacy of the cognitive intervention and the generalisability of the current results.

This meta-analysis calculated composite effect sizes when multiple outcome measures were provided for the same domain in each study. While this method maximises the amount of data drawn from the reviewed studies, it also has certain limitations. First, this approach necessitated an arbitrary measure of correlation between outcome measures, in this case, set at 0.5. This may be inaccurate, with outcome measures being more or less heterogeneous. Unfortunately, data on composite heterogeneity were not available, however, choosing between outcome measures to decide which best represents a particular domain would have posed a significant risk of selection bias. This partly stems from the fact that 'gold-standard' tests for the different cognitive domains have not been identified.

Another limitation of the present meta-analysis is the lack of registration on PROSPERO. The registration could ensure that the protocol and results are available to other researchers for replication and updating.[@R61] However, unfortunately at the stage of registration of our protocol, data extraction was complete and the study was, therefore, ineligible to be registered on PROSPERO.

The literature suggests multiple factors may influence the efficacy of cognitive interventions.[@R62] An aim of the current analysis was to provide insight regarding CCT design choices and training outcomes to inform decisions on interventions to use both clinically and in future studies. Of note, the subgroups analyses and meta-regression did not find any significant differences between studies with active and non-active control conditions for any domain, or between multidomain and single-domain CCT. Due to the limited number of studies and heterogeneity of interventions and outcome measures, it is difficult to make clear recommendations for the optimal form of CCT.

This meta-analysis has demonstrated the efficacy of CCT in MCI patients for a very specific outcome: performance on a neuropsychological test immediately postintervention. While promising, this is far removed from the goal of slowing progression to or preventing dementia in MCI patients. There was a lack of follow-up data, with only three studies[@R50] including long-term outcome measures, so no conclusions can be drawn regarding the longevity of the small to moderate effects or the transfer of immediate effects. In addition, benefits on neuropsychological testing may not translate to clinically meaningful benefits in everyday function. Barnett and Ceci[@R64] describe the immediate outcomes measured here as 'near transfer' and the long-term transfer to untrained cognitive abilities as 'far transfer'. If there is any possibility of dementia being prevented or delayed using CCT then 'far transfer' of some sort is likely necessary. A review by Zelinski[@R65] outlines how 'far transfer' from cognitive training has been observed in ageing population, though this is not specific to CCT or MCI. Demonstration of 'far transfer' as a result of cognitive training in healthy adults is very rare and there is increasing evidence that even 'near transfer' is difficult to demonstrate convincingly.[@R66] More research into long-term transfer effects of CCT in patients with MCI is vital in determining its potential to reduce the dementia burden.

Suggestions for future research {#s4c}
-------------------------------

The discussion highlights factors limiting the reliability and transferability of the results of the meta-analysis. These limitations may be potentially overcome by more RCTs examining long-term cognitive outcomes to assess transfer of CCT to everyday life and provide more insight on whether CCT can influence progression to dementia. It is feasible to conduct large and longitudinal studies of CCT, as it can be delivered online and therefore be easily and widely available. The standardisation of outcome measures between RCTs would also avoid problems associated with heterogeneity and overall higher methodological quality of RCTs would reduce bias.

Conclusion {#s5}
==========

This meta-analysis has demonstrated support for the hypothesis that CCT improves cognitive function in older people with MCI. However, the long-term transfer of these improvements and relevance to reducing dementia prevalence remains unknown. Various methodological issues, such as heterogeneity in outcome measures, interventions and MCI symptoms and lack of ITT analyses, are significant limitations of the literature. Long-term outcomes are the next priority for CCT in MCI patients to further explore its efficacy with respect to influencing dementia progression.
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